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Ahstracl:  ‘J’lIe  manned  and  robo t i c  return  to the
moon cnvisioncxi  in America’s Space li,xploration
initiative I 7 ]  r equ i res  robus t  and  re l i ab le
colllrll  LltlicalioJls. An initial coJnunications
al-chitccture  for the ~ct Propulsion 1 ,atmratol-ies  IIcep
Space Network appropriate for human and mhotic
exploration of the moon is proposed. Net work
mana~cment  can make a major contribution towards
cstablishin~  a mhust  and reliable col]llllllllicatiolls
system. l~conomic il:lI>lelllc~ltatioll of luna r
coll]llllll]icatiolls  requires the usc of stanciardizml
Icchniqucs.  ‘1’hc need for standardizatioJl  extends 10
the coll~l~~lltlicatiol~s  medium, tl]e col~ll~~~lllicalioI~s
pmtoco]s,  and the network nlanagcmcnt  scheme.

lnlmduclion
Robust  communication with the moon must

lm provicicd.  ‘1’hc corlll)l~l~licatiorls  system should be
fault tolcl-ant  and 1-cconfigul-a131c in the presence of
faults. “1’hc  co~~ll~~~lllicatio~~s  system should bc easily
mpandat~ le. IFuturc missions will not want to
ahancion  mis t ing ,  ccluipmcnt,  hut inslcad  cxistinp,
equipment will be incorporated into an expanciins
lunar  communicant ions system, l’l-op,l-aTlllllal)ility  of
t h e  lunar  col~llll~ltlicatiol~s  p r o c e s s o r s  lcacls  to
flcxihility  as colll~llllllicatiolls  requirements change.
‘J’hc usc of a programmable data co~lll~l~lt]ic.atiol~s
scheme pmvidcs cicsirahlc flcxihility and
expandability. “1’hc Consult  alive  Commitlcc  f o r
Space  I)ata Systems (CCSIJS)  Advanccci Orhitinp,
Systems (AOS)  standaJd  [2] p]ovides  the J~cccssaiy
ficxil)ility  al]d l>ro~ralllrllat~ility.

Collllllllllicatiolls  need  to hc provided 10 the
lunal l)ahitat, extl-ahabital  act ivi ty, distlihutcd
scientific instruments, and a mvcr. ‘1’hc habitat, tllc

rmwr,  and Ihc clislrihutec]  sc i en t i f i c  in s t rumen t s

should each he pmvidccl  with a separate c]ownlink.
11 is proposed that  during periocls of cxtrahabitat
activity the astronauts communicate with the earth
using t h e  hahital  or mvcr downlink. Within  the
lunar habitat astronauts will need voice
cO1~~~~l~]t~icatio~~  troth with the earth,  the rover, and
atly astronauts pcl-forming  cxtrahabitat  activities.
‘1’hc l u n a r  hahitat w i l l  n e e d  v i d e o  clownlink
cal)ahilily to earth.  Scicntiflc  instt uments  insiclc t h e
habitat will need data col~lrl~tll~icatioI~s  capability
with earth. h40niloring  of the habitat requires
downlinking  engineering data concerning the status
of the hal>itat  and its inhabitants. ‘1’he necessaly
data I“ates have hCCJl cslimatcci and a
collllllllllicatiolls al-chitcctu[ c proposed.

Opemtional  Considcmlions
l;our  aspects of the first lunar outposl  require

cc~lllll]tlllicatio~ls capahi]ity: t h e  lunal hahital,
cxtrahahitat  activity, a mvcr that  can hc used in
either manned or unnlanJled  mode, and scicJ]tiflc
cxpcrimcmts ciistributcci  on t h e  moon. A separate
downlink  channe] to the earth shou]ci ho p rov ided
for the habitat ,  the rover,  and the (iistrihltcci
scicl)tif]c instl-umcnts. l)uring, p e r i o d s  of
cxtrahabital activity the astronauts Shoul(i
communicate with the carlh  using  the habitat or
I over riownlink.

“Jllc  mvcr ca~~ n o t  hc cxpcctcd to remain
within line of sight  ra(lio propagation riistancc  fmn)
IIIC hat)itat. A l s o  t h e  distJ-ihutcCi  scicmtific
irlstt  umcnts  m a y  hc locatmi  bcyon(i  t h e  riistance
w h i c h  ra(iio waves will pmpaf:ate  on the lunar
sulfate. “1’hese facts anti the expense of lunar raciio
lcl)eale]-s  make it necessal-y 10 pmvidc  a separate
(iownlink for the habitat, the ciistrihuleci  scientific



inslmmcnts,  and the JOVM. ‘J’hc allmmalivc would  bc
to link Ihc IOvcI colll]]lllr]icatiolls  ancl Ihc disllibulcd
scicniific  instrllmcnts  back to the habilat  to shale  the
hahital  ciownlink.

{~onsultnlivc Conlmittm for Space Data  Syslr.ms
‘lhc ~(;SllS  AOS ((kmsultativc  ~ommittee

foJ Space  l~ata S y s t e m s  Advancccl  Olbiting
Systems) collllll~ltlicatiolls  format  should be usccl fol
lunar col]ll~l~lllicatiolls  in order  to standardize and
prolnotc  il~tc,j-o]>cral> ility [ 1 ,2 ] .  3’I]c ~(lSl)S AOS
] ccol~~ll~cl~(i:itioll  has established six types of service
[5,6]. ‘J’hc s i x  t y p e s  of smvicc  arc callcci path,
inlcrnct, cncapsuiatirm,  mlllti  JJJcxing,,  insert ,  and
bilslrcam  service. ‘1’he path servim is intcndect for
lli~h data rate users with RJalivel y flxcxl
if]tclcolll]cc.lio]~s.  ‘J’hc inlcrnct  se rv ice  i s  intmdcd
fol inlcrconncctions  requiring flmibility.

‘1’hc  (:~Sl)S AOS rccolllI~lcl~datio~ls  h a v e
idcnlifled  three  service classes. (iradc- 1 scrvicw
opcrales  wit]) a sJJacc link ARQ procedure. Grade-2
scvvicc is Rccxl-Solon)on [)Jock cocle pmtcctccl,  and
is aJJJ~mpl”ialc  for comJJresscd  au(Jio  01” vicico dala.

GIadc-3 sclvicc i s  inlendcc] f o r  l-cciundant  d a t a
SOUICCS  wJ]cIc bil e]ro]s  are not c r i t i c a l .  Gractc-3
mip,ht be Ilsed  fol  Iedundant  v i d e o  OJ- audio

translnissiolls,
‘1’wo app] oachcs  are possible.. in Illc first

approach al I science instruments communicate
tll[oup,tl  a central facility that c o n t a i n s  t h e
ll]llil]k/{lI\lvrlliIlk  facility. in the second  approach the
devices associated with t h e  }labitat shale a

~ll)lil~k/(lowl~Jil~k facility and those  (icviccs  distant
f r o m  lhc hahitat  a r c  pmviricd  w i t h  their OWI1
indcpcndcIlt  (1(; S1)S AOS conlmunication  l i n k  10
the  caJ”[l). (;(; S1)S AOS uses a  t ime  d iv i s ion
multi  p]cxcd slream formal  thal integrates Iclcmclly,
voice, and video.

‘1’11(’ {:(:S1)S Advanced Oli)iting LSyskm
l{rcol]ll]][:ll(laliol}

l]sil]~ {I)c (;(; S1)S AOS format  the ha[)itat
can I)c pIovidcd  with mulli-access colllll~ullicatiolls.
Will)iIl  tllc ll:ibital  plovision  for video, data, voice,
al]d lclcmctly is ncccssaly  (;~SDS A(JS  intcp,lates
video, aildio, tCICINCtJ)l, ii J) d scient if ic
c(lllllllllllicati(~tls  (IJXJII JCCCj~ti OJl by the lJSN  vidcm
an(i audio  Ilmds bc dCJllU!tiJ>lCXMl  fIOJN lhc

Iclcmc. tl y anti telccommand  data streams.
“J’lIe  (’(:S1)S  p a t h  scrvicc  can be used for

Ilip.h  data lale  scientif ic  itlslrumcnts, ‘1’hc path
service, has been developed to optimize the handling
c)f teJcmetIy  data. ‘1’hc pall)  smvicc  exis ts  10 Iol]te
lli~,h volumes of packctixed  data. ‘1’hc path service
1] ansfcrs  variable len~th application layel se? vice
data units acIoss the network. ‘1’hc  path  service is
intcncicd  for lransferl-ing at model-ale to vely  high
data rates, large volumes of structured, delimited
data units b e t w e e n  fairJy s t a t i c  s o u r c e  a n d
destination locations, “1’his service is approp~-iate  for
tI ansfor of telemetry from scientific insil umcn!s.
\Vitl)  the path seI vice pre-established associations
known a s  (:~SI)S “losical  IIata  ])aths”,  c a n  hc
cmJlflfillrcd b e c a u s e  of the known  a s s o c i a t i o n s
lmtwccJ] the mcssap,e  source aIlcJ clcstination.

‘1’hc (;~SDS AOS data stream can provide
vi(ico links, ~(’Sl)S class-2 path service should  he
used to tl-ansmil  compressed video. (:lass-2  service
stlo~lld  bc p r o v i d e d .  {:omprcsscrt video and v o i c e

Sip,nals ]“Cq Ull  C pl”oicc.tir)l]  fl”OJ)l  CJ’JOJ.

‘1’he (~(~Sl)S intcrnel  service can hc used for
cllf:incmin.g  data aucl data collllllllllicalioIls. ‘1 ‘h e
inlernet scIvicc  i s iJ)tenctcd pJ”i JnaJ”il y for
intcrmiltcntly  transfcrril~g at  relat ively low d a t a
Jates. “1’llis service can support realtime inlclaclive
coJ~tml  and mmmancl  operations, file transfcI-,  and
it]tcractivc  opmatirms  s u c h  a s  cJcctmnic  mail and
rcmole  tcIminal  access.

(~t)lllltlltllicatiolls  l~lexil)ility

Valiablc  quality voice and video tlansmissim
is al] cxamp]c  of collltllllr]icatiolls flcxihility.  W h e n
hi~:hm quality voice 01 video colllllllltlicatiolls  arc
rcqlli)  cd a laIgcr  nuJnhcr  of t~its  per second  may be
allocatcx. An addition hcncfli  of flexibility is
rccoIlflp,LIIatioll  of tl)c ciownlinks a s  a  f~lnc.tirm  of
time!.  l;O1 instance,  during sleep  J>criods  the video
dowIlliJlk c a p a b i l i t y cal} be useci for  data
t[-atlsmission W h e n  alJ downlinks  ale not used
silll(}lt  ancously Ihc b a n d w i d t h  o f  Ihc lltluscd
dowili  ink may bc Icassi~ncc! J!utulc  missions may
inlc{:ratc  ncw experiments o] communication needs
d]lo[l~;h t h e  ]>rt)p,larllIllat~ilit>  of the (iowniinks,
Network mana~:cmcnt is a key to these possibilities.

‘1’i)c  NSC of the (’(;Sl~S  AOS  folmat yiclcis  a
mo(iulal mclllod of incrcasinp, cO1llllll]llicatioJ)s



cvrpaciiy. h4ainlaining  (:(1S1)S  AOS compa t ib i l i t y
of Illc down] irlks l eads  10 their  illtcl-OJ>erallility.  ]n
tllc case downlink  failure one of the other  dowlinks
m a y  Ieplacx  of the failed  downlink.

‘J’hc Radio lhqumcy l,ink
S-band  h a s  Imcn J>lOJXMCd  foI lunar-

col~lllllll]icatiolls.  ‘J’hc m i s t i n g  .JJ’J, l)SN 26 JHMCI”

antcmnas arc S-bancJ  capab le , At S-band the 26
metm l)SN antenna beam covers the entire  lunal
Sllrfacc. ‘1’110 link buclgct allows for low powm
It ansmission fl”om the lunar  surface with a
comfol  lablc marg,in. The S-hand  suffers from
flCClllC1lC.y  COl\.&StiOIl  JMOhlCIllS  With CUll”tVlt  SyStC1ll  S.
X-hand i s  m u c h  l e s s  con~cstcd  than S - b a n d .
]] OWCVCJ’, a t  X-band  multiJ)lc tmams m a y  be
nccrxsary  to communicate with the entire lunar
surface. Kti-ban(l is also an altrmative.  llse of the
X-band 01 Ka-band m a y  be ncccssary  10
accommodate fulure higher rate Junar
collllll~lrlicaliolls n e e d s  and to avoid f r e q u e n c y
allocation conp,cstion.

‘J’he rover  and astronomical  instruments
should  each have  sepal-ate 1{1/ links. A  single  R1’
link can bc shared amonc multiJ>le  devices by usinf,
cal [h hascd  Jml]inp,  of t h e  lmal” bascci  dcviccs.
l’ollinf,  can allow several hip,h J-tile devices to share
a sillp.lc  I adio frcquc.ncy channel.

voice  collllllllllicali{~ll  with the cal th, Ihc mvcr, ant]
astro]lauts  J>clforming,  cxt[ahabitat  activities. ‘J’he
lunar  hahitat  will need video  downlink  caJ>ability to
earth, Scientific insl[-rrments  inside  the habitat will
nccc]  da ta  colllllllll~icaliol)s  caJ>alJility  with e a r t h .
hlcmitoring,  of the habitat will require dovmlinkinp,
cn.gincering  data conccrnins  the status  of the habitat
and ils inhabitants.

‘J’hc lunar  habitat should  he provided with
ti ansmission  caJ)ability for viclm,  v o i c e ,  scicncc
data, and cwf~,inecring data. Within the habital  itself
an intc.p,t atcd voice, data, viclco  1,AN systcm can be
used. ‘1’hc flbcr  disll-ilJLllcci  data interface (lil)l)l), a
1 ()() h4tlJX  oJltical  token rin:!, c a n  Jlmviric  a
cc~ll]llllll]icatiolls  medium  fol- the scicmce  JJacka~cs.
1:1)1)1-11  irltegratcs  d a t a ,  audio,  and vi(ieo.
(’orlllllllrlicatiorl  with the earth requires a hahitat
1  AN to {;(;S1)S AOS g a t e w a y . ‘J’wo vo ice
channels, three video  channels , t w o  science
te lemet ry  charlnels,  arid two  eng,inceril~g,  tdcmetry
cllarlrlcls  arc J>roJmsed. It is J>roJmsrxJ  that the ear+
based  upJink to the IIlnar habitat have two char~nels
of rligital  ir~fol-matiorl  and two voice channels.

Wit],i,l thc l,a~~itat  c~,~l,],~l,~iCati~*,s  s}l~u]~j  l>e

J)rovidixl  with cornlncl-cially available stanclardimd
techniques. If multiple oJ>tical  1,ANs al-c used in the
IIlnar  habitat asynchronous tl-ar~sfcr  mode (A’J’h4)
switching, may t)c an apJ~roJ>liatc  cl]oicc for tllc Illnar
habitat. OJllical  flbcr  can link science packaf;cs  near
llIc habitat. ‘J’hc cahlc  may have to bc buried 10
I]lotcct it from radiation, the rove) and the thermal
cr]vironment, 1 lowever, the cost of film may he
plohibillve  outside of the lunar  habitat.

initially it is J>roJmscrl  to Jlrovidc the habital
~vith  only one uJ>lirlk  duc to the cost of J>rovidins
several uJIJirlks. ‘J’he rover  ar]d h i g h  d a t a  reatc
scientific instjumcm!s should  be JJrovided  with their
owl~ separate clowr~links. Within the Imar habitat
ilsclfthc  lntcrnalional  Stanclal-Cis  Olganiz,ation  0J3crl
s y s t e m s  interconnecliorl  (0S1) model  stanc{ards
should b(! the undcrlyirlg colllrlllll~icatior]s
tc.chnolop>y. 1  labitat  c.{~llllll~lllicaliolls  coulcl b e
J)rovidcd using commercially avail al)lc J)roducts, A
wireless 1 AN also could  he uscxi it] ordm to extend
d a t a  colllllllltJicatiO1~s  hcyond  the mnflnes  of the
habitat. If It)ultip]c  optical l,ANs arc used in the
1 tlllar habitat A“J’hfl switchin~, may I)e. an appropriate
c]]oicc fol the lunar hal~ital.



J mnar l<o~rcr [;oll~ll~~l[~icatiol~s  Rcqui:vmcnls
‘J’hc lunal rovcl  can Ix opcratcc]  i n  t w o

m o d e s :  manned  or lclcopcratcd. 03mmunication
capability for mvcr Iclcopmatioll  must be J>mvidcct.
Rover  tclcopcration  l-cqLlircs  a high d a t a  lalc.  ‘J’hc
cal-th-lovcx  datalink  must J>rovide  for tclcopcratim
of t]lc I-OVCI, ‘1’]Ic rover will transmit  low bit  rate
slc~co imap,cs  to the tclcoperator. %icnc.c  and
Cllglinccring!  data channels will also be necessary for
the rover.  ]n unmanned  mode  the rover clownlink
should  h a v e  onc cnp,inecl  il]g, d a t a  channc],  one
scicl)cc Iclcmett-y  channe l ,  and two low bit  rate
video  channels. When the l~)nar  rover is manncct
the  I-ovm downlink  should  p r o v i d e  a  hi~h qLlality
video channel, a voice  channel, a science tclcmctl-y
channel, and an cn~inecrirlg  d a t a  c h a n n e l . 1 n
manned  mode the lover  uplink  channel provides one
voice channel al]ct onc cn,gincering  data channel.

“1’here is a line of sifihl  limitation on rovcl
co~]ll]lllllic.ati(~ll  with lllc hahitat.  C.rmtinuous  rover
communication with the earth can be maintain cc] by
using a separate rover anlmna  allocated its own
sq~aratc  f]cqucncy. ‘1’hc expense of lcpcatcrs to
J)l”(Jvidc  a colttinuous  link hclwecn  I])c rover at)d ~lIC

hahital  is pmhibitivc.

I)istlihutd Scic.ntiilc l~,quipnmn{ (;oll}lllllllicatio]~s
Rrqllitvmrnls

l)ata col]lllll]llicalio~ls  shoL]ld  be provided for
scientific cxpclilncnts distlibutcc] on t h e  ILlnal
SNI face. l)istril~utcd  sciclltiflc  cxpclimcnts  m a y
have hi~,h downlink  data rates. l;or instance, the
one lnctcJ tl ansit telescope shol]lrl  be p]-ovided  with
a  down]  ink of 1 h4bps  and a cmttol uplink  of 5
kl)ps. ‘J’o  m i n i m i z e flcqllellcy coordination
problems, cxj)crimcnts  with a continl]ous  high data
rate arc al located their  own separate downlink
fl Cqllcncy Spectrum instruments with intermittent
data can usc t~ufferjng an(i earth tlascct  polling to
coordinate sharin~,  the same frequency allocation,
1 lif~,ll data late instruments in the area of the hahitat
but not inside  the habitat itself can hc linked  with
the IIabilat  with fiber oplic  cable.

lhtdmhilal {;oltlllltlllicati{~lls  l{cquitrmcnts
l)llri]}p,  periods of cxt]ahabitat  a c t i v i t y  voice

mmm L]nications with the carlh  shoulcl  bc provided
tl]toup,h  cithm the hab i t a t  01 the lunar  mvcr.  “J’hctc

,~,i]] t)e a line  o f  sigj]t l i m i t a t i o n  on lovcr
col~~lllllllic.alioll  w i t h  1110 hahitat. St i l l  image
t t ansmission  can he used for tl ansmissim  of maps.
‘1’llc  astronauts must have either the habitat or the
I over in their line of sight to maintain
c(~r)llllll]licatiolls  with cal 111.

C o m m a n d  and Control  llplink t;ol]ll]]l]]~iratiot]s
Rcquilvme.nls

lincryption  techniques can provide command
an[i contm]  channel  securi ty. ‘1’hc card) based
uplink to the luna r  hat)itat should  p r o v i d e  t w o
cl)annc]s of dif:ital i n f o r m a t i o n  ancl tk;o v o i c e
cllmncls.  All of these services slmuld  be cti~ital.  in
tile manned mode lhc rover LIJ>link  channel pmvirtcs
OTIC voice channe]  and one ctlgincelring data channel
“J’ho  dist[-ibutccl  s c i e n t i f i c  it]struments  shoLllci  b e
pl OVld Cd With a 5 kbps  Conlro]  uplink.

lm]ml ()]] tlm I)SN 26-Mrtcr  Sulmct
lntcp,latccl service, i.e., voice,  video, and data

is not cLll-lemtly  providcrt  by tbc l)SN. A d d i t i o n a l
switching and muting  will hc necessary for voice
and video. ‘1’imc  delay catlrlot  be introdl]cccl into
these services. A switchinc tcchnolocy ncw to the
I)SN,  asynchronous tlansfer mode  (A’1’N4) could  be
i]}tl oduccd.  A commercial asynchronous t rat]sfcr
n~odc. (A”l’M ) switch  Can be Llscd to sepal-ate ant]
route the data,  voice,  ancl video  coming fmm  the
car [1] based  CCS1)S  AOS  processors. ]n the ground
n e t w o r k  voim,  vidm, and clata must  be rolltcd in
diffmcmt  mallnms.  IIigher  caJJacily  circuits will be
ncccssary  bctweell  the deep space network 26-meter
antennas and JJ’1,. ‘J’imc d e l a y  should  not  be
introduced into the transfer of voice and video
sip, nals.

Nctwod{ Managrmrnt
Some dcggrce of h u m a n  c o n t r o l  must be

cxrv ciscct C) VC!I’ t]] c corllllltlllicatio~ls system
NetwoI-k manap,cmcnt  a d d s  flcxit>ility. ‘J’}~e  earth
Jll Ooll propa~atiol~ delay causes  prohlcms not
encounter c(i in an call]]  based network mana~wmcnt
Syslm Mana[zemcml himarchy  is a key i s sue  in
lunal corll]]]~]llica[ic~r]s  n~at]a~:mm~t.  A  nctwo]k
manaf:ement  system  should  bc plovidccl  will)  in the
hal)itat,  The  hahitat n e t w o r k  mana~cmcnt  system
should be intcl op,atat>le  by the cal th based  net woI k



ma,IIRp,cmcml  Syslcm.
“J’l]e d a t a  colllllll)f]icatiolls  o b j e c t s  to hc

mana~cd  al c in the nlana~,cmrm!  it~fornlalim)  base m
Ml]).  Ilsc of the h41i3 a l l o w s  it~tervention in clata
it anspol-l  functions. A h4113  deflniticm is necessal-y
fol c inch  managed  objccl. One  task is the.
idcnlificalion  oftbcobjcclslo  be mana~ccl.  in order
to ~,cncralc alarms, ‘l’l<Al}s may bc generated  by
nctwo]”k  management ag,cnts w h e n  pl-cassigt)cd

network pm formanco  Il]rcsholds  arc crmscd

lii{:ure  2 liarlh  l)ascd  (:orl)]llllllicaliol]s

‘1’hc  earth basccl  nctwoI  k manag,cme.  nt system
may usc ~’,1-aJJl~ical  human interfaces. h4at~a2cnlcni
data is collcctd  and is J3rcsmtccJ  to tbc opcralcrrs at
11)0 cal (1 I based inlccratccl  network mana~:cmcnl
systcm.  Software a~cnts  in the lunar  habitat, lover,
scicntif[c  instruments, and Ihc I)$;’N sboulcl report to
an ifllcp,I ald net Wol-k  matlap,cmcnl  sys t em. ‘1 ‘h c.
net wo] k systm  mana~;cs  fauils  and detects nctwoIk
J) IOb]CIll S. A l a r m s  p,cneratccl  by col]\lll~lllicatioll

systcm failulcs  should  be intdlig)cntly  flltcrcci.
OtJ~cI  wise onc sin~,]c  fi~ilu]c  may lead to a mnfusinp,

stling  of alalms  clifflcu]t fol-  operators.
lnlcgratcc] netwolk manaj:cmcnt  lcacis  10 a

Jduccd number of disparate, J>roJlrictary,  network
lnanap,cmcnt  systems. h4anap,cnlcnt  information is
displayed in a consistent manner, Routcls  in Ihc
cartb based network may bc mana~cd  from the
lictwolk manap,cmcnt  station. Network manag,cmcnl
software may be used for active intclvcntion  in tbe
network.

{;onrlusion
“Jhc26-mctcrant  ennaswcr cJ>t”cvidusly  used

I)y the Apollo missions. ‘J’he AJX)IJO missions used
analog transmission t e c h n i q u e s .  linlirdy  cligital
tlallsmissio  Il tcchniqllcs  s ] 1 o L 1 ] c ]  bc f o r  tbc lunar
OUIJXM ‘J’hc ~~Sl)S Advanced Orbiting, systems
l’mtocols  will bc used.

III conl(ast  to v o i c e  a n d  r e a l t i m e  video,
scicntjflc  data may be buffcrccl  J~rior to transmission
i)ack 10 .IJ’1,.  ]11 oldcJ”  to deal w i t h  lhc rcquircmcllt
of realtime voice and viclco the incorJmration  of
A’J’N4  switchin~  into the l)SN ShOlll  Cl bC
itlvcstip,atd
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